Purpose To describe the results achieved using muscle belly union associated with the recession of the ipsilateral medial rectus muscle to treat myopic myopathy and restore the normal anatomical relationship of superior and lateral rectus (LR). Methods A retrospective, nonrandomized study performed on 33 eyes of 26 patients who underwent muscle belly union between January 2004 and October 2012. We preoperatively and postoperatively recorded: best-corrected visual acuity; refraction; intraocular pressure; complete orthoptic assessment, including the angle of deviation and maximal abduction measured using the Goldmann perimeter. Pictures of the eyes in all gaze directions were taken before and after the surgical treatment. Anatomical relationships between muscle cone and eye globe were preoperatively analyzed using magnetic resonance imaging (MRI). Surgical complications were noted. Results The follow-up period was 6 months. Preoperative mean BVCA was 0.97 ± 0.96 logMAR (ranging from 0.1 to 3 logMAR) and no changes were detected during postoperative controls. Preoperative mean hypotropia and esotropia were, respectively, 10.2±3.9 prism diopters (PD) and 46.2±15.5 PD. Postoperative mean hypotropia was 2.48±2.00 PD (Po0.001) and mean esotropia was 7.36 ± 9.09 PD (Po0.001). A statistical incrementation of mean maximal abduction (Po0.001) was also noticed. Conclusions Muscle belly union-coupled with the recession of the ipsilateral medial rectus muscle when considered convenientis the elective surgical technique in myopic myopathy, when a downward displacement of LR muscle is shown on MRI with coronal sections.
Introduction
Myopic myopathy is a form of strabismus occurring slowly and progressively in patients with high degenerative myopia. 1 At first, the term 'heavy eye' was introduced for this form of strabismus with reference to the fact that the myopic eyeball-abnormally grown and consequently heavier-rested on the orbit. 2 The clinical picture is characterized by hypotropia and esotropia, with limited abduction and elevation. [3] [4] [5] In scientific literature, several pathogenetic hypotheses have been proposed for strabismus occurring in a context of degenerative myopia. They range from an inflammatory disease, which causes an atrophy of the lateral recti muscles, to a mechancal lesion of these muscles due to a contact of the enlarged and deformed eyeball with the orbital wall. [6] [7] [8] [9] [10] [11] [12] Currently, the most accepted theory, first proposed by Krzizok, 13 suggests that a progressive prolapse of the posterior portion of the eyeball to the superotemporal quadrant of the orbit, outside of the tissues with support function (pulley) and the muscular cone, occurs in patients with high myopia. The prolapsed portion of the bulb causes a nasal displacement of lateral rectus (LR) muscle toward the bottom and superior rectus (SR) muscle nasally. This displacement is responsible for a reduction of both abduction and supraduction movements, and an increase in infraduction and adduction, thus resulting in an esodeviation, a hypodeviation and a possible exciclotorsion that are more or less evident depending on the extent of the prolapse. The severity of the clinical picture is highly variable, as it can vary from a smallangle esotropia with a slightly limited abduction, to rarer fixed strabismus. 14, 15 All clinical variants show high axial length of the bulb and alteration of ocular motility toward a restrictive pattern. The treatment of highly myopic hypo-esotropia is essentially surgical. Several traditional surgical techniques have been used over the years. [15] [16] [17] These procedures are effective in some cases, but esotropia often reappears after a few months. 14, 15, 18 Muscle belly union was introduced by Yokoyama in 2001 19 and has become a viable alternative to treat this condition. A retroequatorial approach is performed by a bridge suture of the intact belly of the LR muscle and SR muscle-or their superior and temporal portions, respectively-obtained with an incision. Therefore, the intervention allows to bring the elongated myopic bulb back to its original position inside the muscular cone. Several reports have supported the effectiveness of this surgery, although the technique remains controversial for the correction of smaller-angle deviations. [20] [21] [22] [23] [24] [25] [26] 
Materials and methods
This is a retrospective, nonrandomized study performed on 33 eyes of 26 patients (19 female and 7 male) who underwent muscle belly union to treat myopic myopathy and strabismus fixus from January 2004 to October 2012. Their mean age was 48.3 ± 15.8 years, going from 18 to 75 years. The inclusion criterion for this study was acquired restrictive strabismus with axial high myopia: 22 patients had eso-hypotropia (15 unilateral and 7 bilateral), and 4 patients had unilateral strabismus fixus. Patients who had previously undergone strabismus surgery were not included in the study. The following items were recorded preoperatively and postoperatively: best-corrected visual acuity (BCVA), refraction, intraocular pressure (IOP), complete orthoptic assessment, including measurement of the angle of deviation and maximal abduction. Early Treatment Diabetic Retinopathy Study (ETDRS) charts were used to test BCVA at a distance of 4 m. Patients who failed to read the largest letters 4 m away were tested at a distance of 1 m. Lighting conditions were standardized, using ETDRS Eye Charts No. 2121 and ETDRS Illuminator Cabinet s/n 106 (Precision Vision, La Salle, IL, USA). BCVA was scored as the total number of letters read correctly and that number was transformed into minimum angle of resolution (logMAR) units logarithm. Patients who failed to read any letters were tested using counting fingers (CF), hand movements (HM), and light perception (P). For BCVA less than CF 0.5 m, arbitrary logMAR values of 2.2 (CF in front of the eye), 2.3 (HM), 2.5 (P), and 3 (no light perception) were used. Ideally, measurements of the angle of deviation were obtained using prism bars and alternating cover test at 5 and 0.33 m; however, when this proved impossible, Krimsky's test was used. A Goldmann perimeter was used to measure the maximal abduction, that is, the excursion expressed in degrees the eye is able to perform from the primary position to the position of maximum abduction. Pictures of the eyes in all gaze directions were taken before and after the surgical treatment (Figures 1  and 2 ). Magnetic resonance imaging (MRI) of the orbits was performed preoperatively in all patients to exclude other possible causes of restrictive strabismus and to evaluate the displacement of extraocular muscles. As suggested by Yokoyama, 26 we used coronal section of the orbits-obtained by MRI-to analyze the degree of dislocation of the bulb, about 9 mm in front of the junction with the optic nerve, to avoid the possible influence of globe shape in the event that, for example, there were a myopic staphyloma. We used AutoCAD software (Autodesk, San Rafael, CA, USA) to quantitatively investigate the relationships between the Figure 1 Preoperative pictures of the eyes in all gaze directions in patient with bilateral myopic myopathy.
Myopic myopathy
Eye different structures. The angle subtended between two lines connecting the center of the orbit (G) and the center of the LR and SR bellies was calculated (Figure 3 ). When the angle is B1801 or more, more than half of the globe cross-section is located outside the muscle cone through an opening between SR and LR muscles. All patients with this feature underwent surgery according to the procedure described by Yokoyama in association with recession of the ipsiLR muscle. Surgery was performed under general anesthesia and all patients signed an informed consent before the surgery. All examinations and surgical procedures were conform to the tenets of the Declaration of Helsinki.
LR and SR muscles were approached using a limbal peritomy and isolated separately. Approximately half of each muscle belly was sutured together without muscle splitting and using a 4.0 no-absorbable mersilene suture, B12-15 mm posterior to the muscular insertion, without scleral fixation. The intraoperative motility was evaluated by means of forced duction test before and after muscle belly union to assess whether a medial rectus recession was required to correct residual restriction in abduction. The force duction test was positive in all 33 eyes so a recession of medial rectus muscle, dosed on the basis of the angle of esotropia measured preoperatively (ranged 5.0-12.0 mm), was always performed. SPSS Statistics 12.0 software (SPSS Inc., Chicago, IL, USA) was used for statistical analysis.
Comparisons were recorded as 95% confidence intervals, using a paired sample t-test. 
Results
The mean BVCA before surgery was 0.97±0.96 logMAR (range 0.1-3 logMAR) and did not change at postoperative controls. High myopia was defined as an axial length of Z27.0 mm or as refractive values 4 À 6 diopters (D). The mean spherical equivalent was À 22.9 ± 5.6 D. The preoperative mean hypotropia and esotropia were, respectively, 10.2±3.9 prism diopter (PD) and 46.2±15.5 PD. Six months after surgery, the mean hypotropia was 2.48±2.00 PD (Po0.001) and the mean esotropia was 7.36±9.09 PD (Po0.001). There was also a statistical increment of the mean maximal abduction, going from 14 ± 7 to 26 ± 4 degrees (Po0.001) ( Table 1) . No over-correction od adduction limitations were present after surgery. Before surgery, 12 patients presented with incoercible diplopia, whereas after it only 6 patients reported mild diplopia resolved with the use of prismatic lenses (from 2 to 10 PD). The mean IOP before surgery was 12±4 mm Hg and there was no significant change at postoperative controls, except in three cases.
Two surgical complications were recorded: three cases of rise in IOP, solved after 3 months with topical hypotonic therapy (dorzolamide hydrochloride 2% þ timolol maleate 0.5%, 2 times per day), and a case of nasal corneal dellen, solved after 15 days with topical antibiotic, anti-inflammatory therapy and nocturnal occlusion.
Discussion
Different approaches to correct myopic myopathy cases have been tried, and the degrees of success were varied. [15] [16] [17] [18] [19] In general, the standard recession-resection procedures are ineffective over time, and LR resection may augment the muscle displacement. Yokoyama's surgical procedure 19 restores the dislocated globe back into the muscle cone by a bridge suture of the LR and SR muscles bellies, or their superior and temporal portions, respectively. It represents an effective procedure for highly myopic strabismus and strabismus fixus in high myopia. We always associated the recession of the medial rectus muscle, because a restriction in abduction was still present during the intraoperative forced duction test.
This surgical technique-without scleral fixationgreatly reduces the risk of scleral perforation, making the procedure safe and simple to learn and perform. The use of non-absorbable sutures ensures that the muscles retain their position over time.
During a 6-month follow-up no muscle slips were recorded. Only four patients presented postoperative complications, which were quickly resolved without permanent sequelae. The symptom of diplopia was successfully resolved with surgery. The mean maximal abduction was significantly increased in all patients. No patient experienced a decrease in preoperative BCVA. The surgery provided psychosocial benefit to all patients.
In our opinion, the intervention proposed by Yokoyama-coupled with the recession of the ipsilateral medial rectus muscle when considered convenient-is the elective surgical technique in highly myopic patients with eso-hypotropia, when a downward displacement of the LR muscle is recorded shown on the MRI, performed with coronal sections.
Summary
What was known before K Myopic myopathy is a form of strabismus known for many years for which many pathogenetic theories and numerous surgical approaches have been proposed.
K At the moment, the most effective surgical technique seems to be that proposed by Yokoyama.
K In the literature a limited number of cases of patients operated upon this surgical technique have been described.
What this study adds
K Our study covered a large number of patients with myopic myopathy operated with the surgical technique proposed by Yokoyama.
K In these patients we always associate the recession of the medial rectus muscle of the affected eye/eyes to obtain the best anatomical and functional results. 
